Genome-wide screening identifies promiscuous phosphatases impairing terpenoid biosynthesis in Escherichia coli.
Terpenoids are a large family of natural compounds that are important for both biotechnological applications and basic microorganism physiology. Inspired by the current literature, we hypothesized that recently deciphered phosphatase promiscuity may be an unexplored factor that negatively affects terpenoid biosynthesis by redirecting carbon flux away from the pathway via unrecognized catalytic activities on the phosphorylated intermediates. We used lycopene as a proof-of-concept to test this hypothesis. Based on an extensive bioinformatics analysis, we selected 56 phosphatase-encoding genes in Escherichia coli and constructed a knockdown library for these genes in a lycopene overproducer via CRISPR interference (CRISPRi). We screened this phosphatase knockdown library and observed enrichment (28 of 56) for genes that impair lycopene biosynthesis. Further scaled-up cultivation, combinatorial knockdown, and knockout assays in strains that overproduce lycopene or another terpenoid (β-carotene) confirmed the proposed relationship between promiscuous phosphatases and impaired terpenoid biosynthesis. This study hence suggests the necessity of reconsidering the interactions of promiscuous phosphatases with ubiquitous phosphorylated components of metabolic networks with respect to engineering metabolism.